The combination of the divergent tetrakis-pyridyl linking ligand 1,2,4,5-tetra(4-pyridyl)benzene (tpb) with cobalt and 3,5-di-tert-butyldioxolene (3,5-dbdiox) ligands has afforded the complexes [Co(3,5-dbdiox)2(tpb)]∞ (1) and [Co(3,5-dbdiox)2(tpb)0.5]∞ (2). Both species are 1D coordination polymers that crystallize as the hydrated compounds 1·3H2O and 2·9H2O. While the tpb in complex 1 is a 2-connecting linker, affording a conventional 1D chain, the tpb in 2 is a 4-connecting linker, giving rise to a ribbon topology. Single crystal X-ray 2 structural analysis indicates that 1·3H2O and 2·9H2O both possess the {Co III (3,5-dbcat)(3,5-dbsq)} (3,5-dbcat = 3,5-di-tert-butylcatecholate; 3,5-dbsq = 3,5-di-tert-butyl-semiquinonate) charge distribution at 100 or 130 K, respectively. Variable temperature magnetic susceptibility studies of partially dehydrated 1·H2O indicate a thermally induced valence tautomeric (VT) transition above 300 K.
structural analysis indicates that 1·3H2O and 2·9H2O both possess the {Co III (3,5-dbcat) (3,5- dbsq)} (3,5-dbcat = 3,5-di-tert-butylcatecholate; 3,5-dbsq = 3,5-di-tert-butyl-semiquinonate) charge distribution at 100 or 130 K, respectively. Variable temperature magnetic susceptibility studies of partially dehydrated 1·H2O indicate a thermally induced valence tautomeric (VT) transition above 300 K.
INTRODUCTION
Materials that can be reversibly switched between distinguishable states have potential for applications in many areas including display devices and smart windows, memory applications, spintronics, energy conversion and catalysis. Molecular systems that can be switched in this way offer advantages over comparable-sized nanoscale bulk materials in terms of their synthesis, tunability and facility of characterization. [1] [2] [3] [4] One class of molecules that can be switched between forms with different electronic states are those that undergo intramolecular electron transfer. Coordination complexes comprised of redox-active metal centers bound to redox-active ligands can in some cases be induced to undergo so-called valence tautomeric (VT) transitions. 5 These involve a stimulated intramolecular electron transfer between metal and ligand, affording redox isomers that differ in their charge distribution. 6 Octahedral cobalt complexes with dioxolene ligands comprise by far the largest chemical family of VT complexes, particularly those that incorporate 3,5-di-tert-butyldioxolene (3,5-dbdiox) and nitrogen-donor ancillary ligands. 7, 8 For these complexes, electron transfer between the cobalt cation and 3,5-dbdiox ligand is accompanied by a metal-based spin transition such that the complexes switch between low spin Co(III)-catecholate {ls-Co although pressure, 9 soft X-ray 10 and magnetic field 11 stimulated VT transitions have also been reported.
Cooperative interactions between the chemical moieties that switch electronic state can modulate the characteristics of the electronic transition, inducing the abruptness and bistability/hysteresis that will facilitate application in devices. As observed previously for SCO materials, higher cooperativity can be realized by a combination of short-range and long-range interactions. [12] [13] [14] Expanding long-range contacts involves employing covalent linkages to build polymeric structures. The simplest such polymeric VT species are one-dimensional (1D) coordination polymers, which predominantly consist of Co-bis(dioxolene) units linked by divergent 2-connecting nitrogen-donor ligands forming long chains. [15] [16] [17] [18] [19] [20] To date only two examples of higher dimensional (2D) VT coordination polymers have been reported. One of these employs tetrakis(4-pyridyloxymethylene)methane as a pseudo-tetrahedral 4-connecting node that links {Co(3,5-dbdiox)2} (3,5-dbdiox= 3,5-di-tert-butyldioxolene) units into a 2D net. 21 The other very recent example is an unusual manganese-nitronyl-nitroxide two dimensional coordination polymer, which exhibits 20 K hysteresis at room temperature. 22 With a view to synthesizing new 2D cobalt-dioxolene VT coordination polymers, we turned our attention to 1,2,4,5-tetra(4-pyridyl)benzene (tpb; Chart 1) as a linking ancillary ligand.
The ligand tpb has served as a useful linker in several previously reported 2D and 3D coordination polymers. Since tpb can be formed by dehydrogenative coupling of 1,3-bis(4-pyridyl) propane in acidic conditions, most previously reported compounds have been obtained from solvothermal reactions involving in situ formation of the tpb ligand. [22] [23] [24] [25] [26] [27] [28] In 2012 Wang et al. reported the first facile synthesis and isolation of tpb that did not involve demetallization of a 4 previously synthesized organo-metallophosphate or coordination polymer. 29 This opened a synthetic route to tpb-based coordination polymers in non-acidic environment and with more control of the reaction stoichiometry. 29 In the literature compounds tpb acts predominantly as a 4-connecting planar node [24] [25] [26] [27] [28] 30, 31 or, less commonly, as a 3-connecting t-shaped node, where the fourth pyridyl group does not coordinate. 30, 32 All but one of the reported compounds contain group 11 and 12 metals (Cu, Ag, Zn, Cd), with one only example incorporating Co centers. 26 The co-ligands employed in the literature in tpb coordination polymers included cyanide anions, 30, 32 other organic molecules, [25] [26] [27] The ethanol and water layers were separated by a buffer layer of ethanol/water (1 ml). When the reaction mixture was kept at 35°C for several weeks a small quantity of plate-shaped crystals of complex 2 formed alongside the needles of 1. A single crystal containing complex 2 was handpicked from the reaction mixture, maintained in contact with the mother liquor to avoid solvent loss, and identified by single crystal X-ray diffraction as 2·9 H2O. A pure bulk sample of 2 could not be obtained.
General and Physical Measurements. Elemental analyses were performed by the
Campbell Microanalytical Laboratory, Department of Chemistry, University of Otago, New
Zealand. Thermogravimetric analyses were performed on a Mettler Toledo thermal analyzer.
Infrared spectra (KBr disk) were recorded on a Bruker Tensor 27 FTIR spectrometer.
Ultraviolet-visible absorption diffuse reflectance spectra were measured on a Thermo ScientificEvolution 220 UV-Visible spectrophotometer. The powder X-ray diffraction pattern was acquired at 293 K on an Agilent Technologies SuperNova diffractometer using CuKα radiation (λ = 1.54184 Å), operated at 40 kV and 35 mA; data were collected with 2 angles in the range 5-50°.
Single Crystal X-ray Difraction Studies.
The crystallographic data (Table 1) for compound 1·3H2O were collected at 100 K, using synchrotron MoK radiation on the MX1
beamline, 33 at the Australian Synchrotron, Victoria, Australia. Data for 2·9H2O were collected at 130 K on an Agilent Technologies SuperNova diffractometer using CuKα radiation. Using OLEX2, 34 both structures were solved with the ShelXT 35 structure solution program using direct methods and refined with the ShelXL refinement package using least squares minimization. Photomagnetic measurements were carried out on pelletized samples obtained by mixing ∼0.5 mg of microcrystalline powder (the actual cobalt content being evaluated by scaling the magnetic moment to that of a polycrystalline heavier sample) with KBr powder and pressing into a pellet to facilitate light penetration. Irradiation experiments were performed at 10 K using laser diodes of different wavelengths (532, 648, 805 and 904 nm). Each source was coupled to an optical fiber inserted in the sample space through a hollow sample rod and collimated on the sample by means of an aspheric lens, yielding a radiant power on the sample of about 2 mW cm Under slightly warmer conditions, and with modification of the reaction stoichiometry to reduce the amount of tpb relative to Co(3,5-dbdiox) and thereby favor the tpb acting as a 4-connecting node, dark green plate-shaped crystals of complex 2 co-crystallize as a minor product with 1. The crystals of both compounds are very small and difficult to distinguish by eye. Efforts to obtain a pure bulk sample of complex 2 involved controlled variation of crystallization temperature and reactant stoichiometry, as well as employing different crystallization solvents.
However, it was not possible to obtain a pure bulk sample of 2 for physical measurements and therefore we report only the crystallographic data for this compound.
Description of structures.
Selected single crystal X-ray data for the two compounds are reported in Table 1 and structural representations of complexes 1 in 13H2O and 2 in 2·9H2O are presented in Figure 1 . The asymmetric units of the compounds are available in Figure S2 . Selected interatomic distances and angles for 1·3H2O and 2·9H2O are presented in ligands. 39, 40 The "Metrical Oxidation State" (MOS) was also calculated for both structures based on all C-O and C-C ring distances in the dioxolene ligand. 41, 42 This parameter correlates the bond distances with the valence of the dioxolene ligand. The values obtained are all are close to -1.5
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The ensuing coordination polymer 2 has a ribbon rather than a chain 1D topology, most likely due to the bulkiness of the tert-butyl groups of the dioxolene ligands and relative rigidity of the tpb ligand. The co-synthesis of two distinctive compounds differing in the conformation of the tpb ligand has been reported twice previously. Han et al. described two co-crystallizing supramolecular isomers, presenting statically identical hexa-coordinate environments of Cd(II)
centers. In both structures tpb acts as 4-connecting node, however the variation of the ligand conformation from staggered to eclipsed leads to the change of the net topology from 2D to 3D. 24 Tong et al. described two co-crystallized coordination polymers with one compound incorporating 4-connecting tpb in the eclipsed conformation, while a t-shaped 3-connecting staggered mode was evident in the second compound. 32 In this case, conversion between the two compounds can be partially controlled by the stoichiometry and time of the reaction. These literature reports and the present work reveal the coordinative flexibility of the tpb ligand arising from rotation of the C-C bond between the benzene and pyridine rings. 
Thermogravimetric Analysis.
The thermogravimetric analysis data for partially dehydrated 1·H2O were measured between 298 K and 800 K under constant N2 flow ( Figure S4 ).
The compound rapidly loses 2% of the mass upon exposure to the N2 flow, which corresponds to complete dehydration of 1·H2O. The resulting compound then appears to be stable up to around 500 K, with a subsequent rapid loss above 550 K of more than 50% associated with decomposition of the organic part component. 52 and may be due to partial collapse of the 3D structure upon dehydration sterically hindering the expansion in molecular volume associated with a VT transition. 40 Multiple heatingcooling cycles show no changes in the magnetic measurement curve, which is consistent with the limited solvent loss evident in the thermogravimetric analysis. Complete dehydration does not occur until 500 K. In principle, if it was possible to dehydrate 1 without it decomposing, the VT transition might shift to lower temperatures. The possibility of photoinduction of the metastable phase at low temperature was investigated at different wavelengths (see Experimental section). However, only a marginal degree of photoconversion was observed, estimated at less than 1%. This prevented the characterization of the metastable state relaxation properties, either via TLIESST determination 53 or by measuring the decay of the metastable state at fixed temperature. 54 The extremely low extent of photoconversion is consistent with the outcome of the characterization of the thermal transition and in accordance with the Inverse Gap Energy Law, which quantitatively describes the inverse proportionality between the transition temperature and the TLIESST temperature in spin crossover systems. 
CONCLUDING REMARKS
The combination of the tpb ligand and {Co(3,5-dbdiox)2} units has afforded two coordination polymers, although the initial target of a 2D net has proved elusive. The compounds 19 obtained are instead 1D coordination polymers with chain (1) and ribbon (2) topologies. To our knowledge complex 1 is the first example of tpb acting as 2-connecting ligand, while complex 2 is a rare example of a 4-connecting tbp with a staggered conformation of the pyridyl groups.
Magnetochemical, structural and spectroscopic studies suggest that compound 1·H2O can be formulated as {ls-Co III (3,5-dbcat)(3,5-dbsq)} below 300 K, with an incomplete thermallyinduced VT transition to a {hs-Co
